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Description

FIELD

[0001] The present disclosure relates to field of liquid
crystal display, in particular to a single substrate display
panel.

BACKGROUND

[0002] Liquid crystal display (LCD) has replaced cath-
ode ray tube (CRT) display and been used in a wide
variety of display apparatuses.
[0003] Conventional liquid crystal display panel typi-
cally includes two substrates of a thin film transistor array
substrate and a color filter substrate with liquid crystal
(LC) materials filled therebetween. The orientations of
the liquid crystals are controlled by the array substrate
in order to display images on the liquid crystal display
panel. All conventional liquid crystal display panels in-
clude two substrates and consequently have large weight
and thickness, therefore they cannot fulfill the demands
for lighter and thinner liquid crystal device.
[0004] WO 03/010593 A1 discloses a display device
having a display panel with an active part on which pic-
tures are displayed, a stratified LC light modulator ele-
ment, e.g. a shutter or a switch, of a size corresponding
to the size of the active part of the display panel being
arranged in front of the display panel, the LC light mod-
ulator element being provided with transparent electrode
means for energizing the LC light modulator element.
The stratified LC light modulator element comprises: a
transparent substrate which carries a composite material
phase separated into a light-modulating layer comprising
LC material disposed adjacent the substrate, and a top
layer of organic material, inorganic material, or a mixture
of organic and inorganic material disposed adjacent the
display panel, the LC light modulator element being lam-
inated to the surface of the display panel.
[0005] EP 0 488 116 A2 discloses a polymer dispersed
LCD element designed in such a way that when an elec-
tric field is applied to a layer having a liquid crystal and
a polymer mutually dispersed to cause phase separation
thereof, the LC and polymer are aligned in the same di-
rection.
[0006] US 2013/0229595 A1 discloses a display panel
and a display unit. The display panel is composed of a
light modulation device including: an electrode capable
of generating a main electric field in a direction parallel
to a plane intersecting with a normal line of a transparent
substrate; and a light modulation layer including a bulk
and a particulate each having an optical anisotropy. Op-
tical axes AX1 and AX2 of the bulk and the particulate
are parallel or substantially parallel to a top surface of
the transparent substrate and may be faced in different
directions from each other and may be faced in same or
substantially same directions with each other within the
plane parallel or substantially parallel to the top surface

of the transparent substrate depending on a magnitude
of the electric field generated by the electrode.

SUMMARY

[0007] It is an object of the present invention to provide
a LC display panel which fulfills the demands for lighter
and thinner liquid crystal devices.
[0008] The object is achieved by the features of the
independent claim. Further embodiments are defined in
the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings of technical solu-
tions of the present disclosure or the prior art are briefly
described as following for better illustration of the tech-
nical solutions of the present disclosure or the prior arts.
It is apparent that the accompanying drawings as de-
scribed below are mere illustrations for some embodi-
ments of the technical solutions of the present disclosure
and thus other accompanying drawings are readily con-
ceivable based on these accompanying drawings for the
skilled in the art without creative works. The first and sec-
ond embodiments of the present disclosure relate to an
invention which is not claimed.

Fig. 1 is a schematic view of a single substrate dis-
play panel according to a first embodiment of the
present disclosure;
Fig. 2 is a schematic view of a single substrate dis-
play panel according to a second embodiment of the
present disclosure;
Fig. 3 is a schematic view of a single substrate dis-
play panel according to a third embodiment of the
present disclosure;
Fig. 4 is a schematic view of a single substrate dis-
play panel according to a fourth embodiment of the
present disclosure;
Fig. 5 is a schematic view of a single substrate dis-
play panel according to a fifth embodiment of the
present disclosure;
Fig. 6 is a first schematic view showing light propa-
gation in the single substrate display panel according
to the third embodiment of the present disclosure;
Fig. 7 is a second schematic view showing light prop-
agation in the single substrate display panel accord-
ing to the third embodiment of the present disclosure;
Fig. 8 is a first schematic view showing light propa-
gation in the single substrate display panel according
to the fourth embodiment of the present disclosure;
and
Fig. 9 is a second schematic view showing light prop-
agation in the single substrate display panel accord-
ing to the fourth embodiment of the present disclo-
sure.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] The technical solutions of embodiments of the
present disclosure will be described in more detail with
reference to the accompanying drawings. It is apparent
that the embodiments as described are merely a part of
embodiments of the present disclosure and do not rep-
resent all embodiments.

First Embodiment

[0011] Fig. 1 is a schematic view of a single substrate
display panel according to a first embodiment of the
present disclosure. As shown in Fig. 1, the single sub-
strate display panel according to the present embodiment
includes: a parallel electric field substrate 10 and a dis-
play medium layer 13 formed above the parallel electric
field substrate 10. The parallel electric field substrate 10
can be an array substrate in a parallel electric field mode
such as IPS, FFS and ADS substrate commonly used in
display field; or other simple passive parallel electric field
substrates such as segment or passive matrix parallel
electric field substrate. The display medium layer 13 in-
cludes liquid crystal molecules and a matrix encapsulat-
ing the liquid crystal molecules so that the liquid crystal
molecules form liquid crystal groups 17.
Each liquid crystal group 17 has a spherical shape for
example or other shapes. The liquid crystal molecules of
the liquid crystal group 17 have an ordinary refractive
index no matched with a refractive index np of the matrix
and an extraordinary refractive index ne greater than the
refractive index np of the matrix. The ordinary refractive
index no refers to the refractive index of the liquid crystal
molecules in a non rotational state without being actuated
by electric field. The extraordinary refractive index ne re-
fers to the refractive index of the liquid crystal molecules
in a rotational state actuated by electric field.
[0012] In the present embodiment, the matrix of the
display medium layer includes a liquid crystal polymer
with rigid structure, which is formed of a liquid crystal
monomer by photo curing under UV (ultraviolet) radiation
or thermal curing. The monomer has double bond func-
tional groups, rigid structure and polymerization ability.
The liquid crystal polymer includes liquid crystal units so
that the liquid crystal polymer has properties of liquid
crystal. If there is no electric field applied to the liquid
crystal molecules of the liquid crystal group 17, the liquid
crystal polymer of the matrix and liquid crystal molecules
of the liquid crystal group 17 have the same orientation,
and the network of the liquid crystal polymer of the matrix
is a planar network. In this case, the ordinary refractive
index no of the liquid crystal molecule in the liquid crystal
group 17 matches with the refractive index np of the liquid
crystal polymer of the matrix, thereby the single substrate
display panel presents a transparent state. If there is an
electric field applied to the liquid crystal molecules in the
liquid crystal group 17, the liquid crystal molecules rotate

as being actuated by the electrical field. In this case, the
liquid crystal polymer of the matrix and liquid crystal mol-
ecules of the liquid crystal group 17 have different orien-
tations, such that the lights will be refracted, reflected
multiple time within the liquid crystal group 17 before dif-
fusing, thereby the single substrate display panel dis-
plays an opalescence color.
[0013] Therefore, the present embodiment can
achieve image display with a single substrate without po-
larizer, thus reducing the product cost and simplifying the
fabricating process. In addition, the single substrate dis-
play panel according to the present embodiment can fur-
ther improve brightness of the display panel and reduce
thickness of the single substrate display panel since there
is no need to attach polarizer, therefore making the dis-
play panel lighter and thinner.
[0014] Furthermore, the liquid crystal polymer has a
weight percentage of about 1-5% in the display medium
layer 13, which can further improve display quality.
[0015] Furthermore, the display medium layer 13 can
further include photo initiator or thermal initiator. If the
photo initiator or thermal initiator is added into the mon-
omer materials before polymerization of the matrix, po-
lymerization of the monomers will be more efficient with
better property.
[0016] Furthermore, in order to maintain a stable thick-
ness of the display medium layer, the present embodi-
ment can further include pillar like or sphere like spacers
added in the display medium layer 13 in order to stabilize
the properties of the device. The spacers have a weight
percentage of about 0.01-5%, preferably about 0.1-1 %
in the display medium layer 13.
[0017] Furthermore, a protective layer 18 can be
formed on the display medium layer 13 in the present
embodiment by applying a layer of protective adhesive
onto the display medium layer 13. Alternative, the pro-
tective layer 18 can be formed by applying a layer of
adhesive onto the display medium layer 13 and then at-
taching a layer of protective film. The protective layer 18
can resist moisture and oxygen in order to provide max-
imum protection for the underneath display medium layer
13. The protective adhesive or adhesive employed by
the present embodiment imposes a lower contamination
risk on the display medium layer with no or little impact
on the display quality. Since the protective layer 18 on
the display medium layer 13 can protect the display me-
dium layer 13 due to the moisture and oxygen resistance,
the stability and reliability of the display product can be
further improved.

Second Embodiment

[0018] Fig. 2 is a schematic view of a single substrate
display panel according to a second embodiment of the
present disclosure. As shown in Fig. 2, the single sub-
strate display panel according to the present embodiment
includes a parallel electric field substrate 10 and a display
medium layer 13 formed above the parallel electric field
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substrate 10. The display medium layer 13 includes liquid
crystal molecules and a matrix encapsulating the liquid
crystal molecules so that the liquid crystal molecules form
liquid crystal groups 17. The above components can
have substantially same structure as the first embodi-
ment except that the present embodiment further in-
cludes a color filter layer 19 on the parallel electric field
substrate 10. As shown in Fig. 2, the color filter layer 19
can be formed between the parallel electric field sub-
strate 10 and the display medium layer 13.
[0019] In the present embodiment, the matrix of the
display medium layer 13 includes a liquid crystal polymer
with rigid structure, which is formed of a liquid crystal
monomer by photo curing under UV (ultraviolet) radiation
or thermal curing. The monomer has double bond func-
tional groups, rigid structure and polymerization ability.
The liquid crystal polymer includes liquid crystal units so
that the liquid crystal polymer has properties of liquid
crystal. If there is no electric field applied to the liquid
crystal molecules of the liquid crystal group 17, the liquid
crystal polymer of the matrix and liquid crystal molecules
of the liquid crystal group 17 have the same orientation,
and the network of the liquid crystal polymer of the matrix
is a planar network. In this case, the ordinary refractive
index no of the liquid crystal molecule in the liquid crystal
group 17 matches with the refractive index np of the liquid
crystal polymer of the matrix, the lights can transmit the
liquid crystal groups 17 encapsulated by the matrix,
thereby the single substrate display panel displays a
color presented upon being filtered by the color filter lay-
er. For example, if the lights is blocked by a black matrix
of the color filter layer, a black image will be displayed;
if the lights pass through a blue color filter layer, a blue
image will be displayed; if the lights pass through a red
color filter layer, a red image will be displayed; if the lights
pass through a green color filter layer, a green image will
be displayed. If there is an electric field applied to the
liquid crystal molecules in the liquid crystal group 17, the
liquid crystal molecules rotate as being actuated by the
electrical field. In this case, the liquid crystal polymer of
the matrix and liquid crystal molecules of the liquid crystal
group 17 have different orientations, such that the lights
will be refracted, reflected multiple time within the liquid
crystal group 17 before diffusing, thereby the single sub-
strate display panel displays an opalescence color.
[0020] Therefore, the single display panel according
to the present embodiment can display an opalescence
color and a color presented by corresponding color filter
layer 19. For the above colors, one color can be used as
the color of contents such as text or image and the other
color can be used as background color.
[0021] Therefore, the present embodiment can
achieve image display with a single substrate without po-
larizer, thus reducing the cost of the product and simpli-
fying the fabricating process. In addition, the single sub-
strate display panel according to the present embodiment
can further improve brightness of the display panel and
reduce thickness of the single substrate display panel.

Since the single substrate display panel of the present
embodiment includes a color filter layer, enabling rich
colorful presentations so as to improve display quality.
[0022] Furthermore, the color filter layer 19 according
to the present embodiment is not limited to the location
between the parallel electric field substrate 10 and the
display medium layer 13 and can be disposed other lo-
cations. For example, the color filter layer 19 and the
parallel electric field substrate 10 can be disposed on
opposite sides of the substrate 10 respectively, or the
display medium layer 13 and color filter layer 19 can be
formed sequentially above the substrate 10.

Third Embodiment

[0023] Fig. 3 is a schematic view of a single substrate
display panel according to a third embodiment of the
present disclosure. As shown in Fig. 3, the single sub-
strate display panel of the present embodiment includes:
a parallel electric field substrate 10 and a display medium
layer 13 formed above the parallel electric field substrate
10. The parallel electric field substrate 10 can be an array
substrate in a parallel electric field mode such as IPS,
FFS and ADS substrate commonly used in display field;
or other simple passive parallel electric field substrates
such as segment or passive matrix parallel electric field
substrate. The display medium layer 13 includes liquid
crystal molecules and a matrix encapsulating the liquid
crystal molecules so that the liquid crystal molecules form
liquid crystal groups 17. Each liquid crystal group 17 has
a spherical shape for example or other shapes. A lower
polarizer 15 is attached below the substrate 10. The dis-
play medium layer 13 and the lower polarizer 15 are
formed on opposite sides of the substrate 10. The matrix
of the present embodiment is polymer. In one example,
the matrix has a weight percentage of about 1%-5%, pref-
erably about 5%-15% in the display medium layer 13.
The liquid crystal molecules have an ordinary refractive
index no matched with a refractive index np of the matrix,
alternatively the liquid crystal molecules have an extraor-
dinary refractive index ne matched with the refractive in-
dex np of the matrix. The ordinary refractive index no re-
fers to the refractive index of the liquid crystal molecules
in a non rotational state without being actuated by electric
field. The extraordinary refractive index ne refers to the
refractive index of the liquid crystal molecules in a rota-
tional state upon being actuated by electric field.
[0024] When the single substrate display panel oper-
ates in the present embodiment, the light emitted by a
backlight module (not shown) below the display panel is
transformed into a polarization light after passing through
the lower polarizer 15. As shown in Fig. 6, if there is no
electric field applied to the liquid crystal molecules of the
liquid crystal group 17, the polarization light has a direc-
tion parallel to major axis of the liquid crystal molecule
so that the refractive index of the liquid crystal molecules
for the polarization light is no. If the refractive index no of
the liquid crystal molecule does not match with the re-
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fractive index np of the matrix, the lights will be refracted,
reflected multiple time within the liquid crystal group 17
before diffusing, thereby the single substrate display pan-
el displays an opalescence color. As shown in Fig. 7, if
an electric field is applied to the liquid crystal molecules
of the liquid crystal group 17, the liquid crystal molecules
are rotated under the electric field. In this case, the po-
larization light has a direction perpendicular to director
of the liquid crystal molecule so that the refractive index
of the liquid crystal molecules for the polarization light is
ne. If the refractive index ne of the liquid crystal molecule
matches with the refractive index np of the matrix, the
lights will be transmitted through the liquid crystal group
17, thereby the single substrate display panel presents
a transparent state. The opalescence color displayed by
the display panel can be used to display text or image,
and the transparent state of the display panel allows the
objects behind the single substrate display panel to be
seen.
[0025] Alternatively, in the present embodiment, if
there is no electric field applied to the liquid crystal mol-
ecules of the liquid crystal group 17, the orientation of
the liquid crystal molecules in the display medium layer
13, that is, the major axis of the liquid crystal molecule
can be perpendicular to the transmissive axis of the lower
polarizer 15, so that the refractive index of the liquid crys-
tal molecules for the polarization light is no. If the refrac-
tive index no of the liquid crystal molecule matches with
the refractive index np of the matrix, the single substrate
display panel presents a transparent state to achieve
transparent display. If an electric field is applied to the
liquid crystal molecules of the liquid crystal group 17, the
refractive index of the liquid crystal molecules for the po-
larization light is ne. If the refractive index ne of the liquid
crystal molecules does not match with the refractive in-
dex np of the matrix, the single substrate display panel
displays an opalescence color. Therefore, in the present
embodiment, with the same structure of the single sub-
strate display panel, opposite initial optical properties can
be achieved by using different orientations of the polar-
izer and different orientations of liquid crystal molecules,
therefore different product requirements for different oc-
casions can be met so as to save fabricating cost.
[0026] The single substrate display panel according to
the present embodiment has only one substrate and one
polarizer, thus reducing weight and thickness of the liquid
crystal display panel, reducing fabricating cost of the liq-
uid crystal display, which in turn complies with the tech-
nical trends of thinner lighter display with low cost.
[0027] In one example, the display medium layer 13 of
the present embodiment can further include a photo ini-
tiator or thermal initiator. If the photo initiator or thermal
initiator is added into the monomer materials before po-
lymerization of the matrix, polymerization of the monomer
will be more efficient with better property.
[0028] In one example, in order to maintain a stable
thickness of the display medium layer, the present em-
bodiment can further include pillar like or sphere like

spacers added in the display medium layer 13 in order
to stabilize the properties of the device. The spacers have
a weight percentage of about 0.01-5%, preferably about
0.1-1 % in the display medium layer 13.

Fourth Embodiment

[0029] Fig. 4 is a schematic view of a single substrate
display panel according to a fourth embodiment of the
present disclosure. As shown in Fig. 4, the single sub-
strate display panel of the present embodiment includes:
a parallel electric field substrate 10, a color filter layer 19
disposed above the parallel electric field substrate 10, a
display medium layer 13 formed above the color filter
layer 19 and an upper polarizer 16 formed above the
display medium layer 13. The display medium layer 13
includes liquid crystal molecules and a matrix encapsu-
lating the liquid crystal molecules so that the liquid crystal
molecules form liquid crystal groups 17. The upper po-
larizer 16 and the display medium layer 13 are formed
on the same side of the substrate 10.
[0030] The liquid crystal molecules in the display me-
dium layer 13 have an orientation parallel to the trans-
missive axis of the upper polarizer 16. As shown in Fig.
8, if there is no electric field applied to the liquid crystal
molecules of the liquid crystal group 17, ambient light is
transformed into linear polarization light after passing
through the upper polarizer 16. The direction of the po-
larization light is parallel to the major axis of the liquid
crystal molecule so that the refractive index of the liquid
crystal molecules for the polarization light is no. If the
refractive index no of the liquid crystal molecule does not
match with the refractive index np of the matrix, the lights
will be refracted, reflected multiple time within the liquid
crystal group 17 before diffusing from the upper polarizer
16, thereby the single substrate display panel displays
an opalescence color. As shown in Fig. 9, if an electric
field is applied to the liquid crystal molecules of the liquid
crystal group 17, the liquid crystal molecules are rotated
under the electric field. In this case, the polarization light
has a direction perpendicular to director of the liquid crys-
tal molecule so that the refractive index of the liquid crys-
tal molecules for the polarization light is ne. If the refrac-
tive index ne of the liquid crystal molecule matches with
the refractive index np of the matrix, the lights will be
transmitted through the liquid crystal group 17, thereby
the single substrate display panel displays a color pre-
sented upon being filtered by the color filter layer 19. For
example, if the lights are blocked by a black matrix of the
color filter layer, a black image will be displayed; if the
lights pass through a blue color filter layer, a blue image
will be displayed; if the lights pass through a red color
filter layer, a red image will be displayed; if the lights pass
through a green color filter layer, a green image will be
displayed.
[0031] Alternatively, in the present embodiment, if
there is no electric field applied to the liquid crystal mol-
ecules of the liquid crystal group 17, the orientation of
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the liquid crystal molecules in the display medium layer
13 can be perpendicular to the transmissive axis of the
upper polarizer 16, the polarization light has a direction
perpendicular to the director of the liquid crystal mole-
cules so that the refractive index of the liquid crystal mol-
ecules for the polarization light is no. If the refractive index
no of the liquid crystal molecule matches with the refrac-
tive index np of the matrix, the lights can transmit through
the liquid crystal group 17 encapsulated by the matrix,
thereby the single substrate display panel displays a
color presented by the color filter layer 19. For example,
if the lights are blocked by a black matrix of the color filter
layer, a black image will be displayed; if the lights pass
through a blue color filter layer, a blue image will be dis-
played; if the lights pass through a red color filter layer,
a red image will be displayed; if the lights pass through
a green color filter layer, a green image will be displayed.
If an electric field is applied to the liquid crystal molecules
of the liquid crystal group 17, the liquid crystal molecules
are rotated under the electrical field. In this case, ambient
lights are transformed into linear polarization lights after
passing through the upper polarizer 16. The direction of
the polarization light is parallel to the major axis of the
liquid crystal molecule so that the refractive index of the
liquid crystal molecules for the polarization light is ne. If
the refractive index ne of the liquid crystal molecules does
not match with the refractive index np of the matrix, the
lights will be refracted, reflected multiple time within the
liquid crystal group 17 before diffusing from the upper
polarizer 16 so that the single substrate display panel
displays an opalescence color.
[0032] Therefore, the single display panel according
to the present embodiment can display an opalescence
color and a color presented by corresponding color filter
layer 19. For the above colors, one color can be used as
the color for contents such as text or image and the other
color can be used as background color.
[0033] Therefore, in the present embodiment, with the
same structure of the single substrate display panel, op-
posite initial optical properties of the single substrate dis-
play panel can be achieved by using different orientations
of the polarizer and different orientations of liquid crystal
molecules, therefore different product requirements for
different occasions can be met so as to save the fabri-
cating cost.

Fifth Embodiment

[0034] Fig. 5 is a schematic view of a single substrate
display panel according to a fourth embodiment of the
present disclosure. As shown in Fig. 5, the single sub-
strate display panel of the present embodiment includes:
a parallel electric field substrate 10, a color filter layer 19
disposed above the parallel electric field substrate 10, a
display medium layer 13 formed above the color filter
layer 19, a protective layer 18 formed above the display
medium layer 13 and an upper polarizer 16 formed above
the protective layer 18. The display medium layer 13 in-

cludes liquid crystal molecules and a matrix encapsulat-
ing the liquid crystal molecules so that the liquid crystal
molecules form liquid crystal groups 17. A protective lay-
er 18 can be formed by applying a layer of adhesive onto
the display medium layer 13 and then attaching a layer
of protective film. The protective layer 18 can resist mois-
ture and oxygen in order to provide maximum protection
for the underneath display medium layer 13. The protec-
tive adhesive or adhesive employed by the present em-
bodiment imposes a lower contamination risk on the dis-
play medium layer 13 with no or little impact on the display
quality.
[0035] Other aspects of the present embodiment are
similar to the fourth embodiment and will not be repeated
herein.
[0036] In the present embodiment, the protective layer
18 on the display medium layer 13 can protect the display
medium layer 13 due to the moisture and oxygen resist-
ance, therefore the stability and reliability of the display
product can be further improved.
[0037] In one example, if the polarizer disposed above
the display medium layer can also have moisture and
oxygen resistance, it is possible not to form the protective
layer on the display medium layer. Instead, the polarizer
with moisture and oxygen resistance can protect the un-
derneath display medium layer so as to further simplify
the process and lower the cost.
[0038] The first to fifth embodiments are only examples
of the present disclosure. Various modifications are avail-
able in lights of the present disclosure, such as presence
or absence of the protective layer and the position of the
protective layer. For example, the protective layer can
also be disposed above the upper polarizer. The lower
polarizer of the third embodiment can also be disposed
below the parallel electric field substrate or interposed
between the layers. Furthermore, depending on the dis-
play content and display requirements, the color filter lay-
er can be disposed or not disposed, can be disposed
above, below the parallel electric field substrate or inter-
posed between layers. The above modifications are all
considered as contents of the present disclosure.
[0039] The other aspect of the present disclosure can
provide a fabricating method of the above single sub-
strate display panel includes following steps of: a, pro-
viding a parallel electric field substrate; and b, providing
a display medium layer above the parallel electric field
substrate. The parallel electric field substrate provided
can be an array substrate in a parallel electric field mode
such as IPS, FFS and ADS substrate commonly used in
display field; or other simple passive parallel electric field
substrates such as segment or passive matrix parallel
electric field substrate.
[0040] The above step b can be achieved by two so-
lutions described as below:

Solution 1 comprises following steps of

[0041] C11, an alignment film such as PI (polyimide)
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is applied on the parallel electric field substrate by a con-
ventional process, and then the alignment film is oriented
with friction or radiation so that the alignment direction
of the alignment film is preferably either parallel or per-
pendicular to the electric field direction in order to form
an alignment layer.
[0042] C12: a composite including the liquid crystal
molecules and monomers is applied on the alignment
layer in a predetermined thickness. The monomer has a
weight percentage of about 1%-5%, preferably 5-15% in
the composite.
[0043] In one example, the composite further includes
photo initiator or thermal initiator or spacers. The spacers
have a weight percentage of about 0.01-5%, preferably
about 0.1-1% in the composite, the photo initiator or ther-
mal initiator has a weight percentage of about 0.01-20%,
preferably about 5-10% in the composite.
[0044] C13: After applying the composite, the compos-
ite is photo cured by UV light or thermal cured so as to
form display medium layer.

Solution 2 comprises following steps of

[0045] C21, an alignment film such as PI (polyimide)
is applied on the parallel electric field substrate by a con-
ventional process, and then the alignment film is oriented
with friction or radiation so that the alignment direction
of the alignment film is preferably either parallel or per-
pendicular to the electric field direction in order to form
an alignment layer.
[0046] C22: a composite including the liquid crystal
molecules and monomers is applied on the alignment
layer in a predetermined thickness. The monomer has a
weight percentage of about 1%-5%, preferably 5-15% in
the composite.
[0047] In one example, the composite further includes
photo initiator or thermal initiator or spacers. The spacers
have a weight percentage of about 0.01-5%, preferably
about 0.1-1% in the composite, the photo initiator or ther-
mal initiator has a weight percentage of about 0.01-20%,
preferably about 5-10% in the composite.
[0048] C23: A temporary substrate is attached to the
substrate with applied composite and the spacing ther-
ebetween can be controlled by the spacers within the
composite. The attachment process of the substrates
(step C23) and applying process of the composite (step
C22) can be performed simultaneously. After attachment
process of the substrates and applying process of the
composite, the composite is photo cured by UV light or
thermal cured so as to form display medium layer.
[0049] C24: The temporary substrate is removed. Pref-
erably the temporary substrate can be attached with a
releasing layer so as to facilitate the removing process.
When the temporary substrate attached with the releas-
ing layer is removed, the releasing layer is firstly detached
from the temporary substrate, then the releasing layer
and the cured display medium layer is detached.
[0050] If the substrate is a rigid substrate and the tem-

porary substrate can be a flexible substrate with the re-
leasing layer, the attachment process of the substrates
can be carried out by a conventional flexible to rigid proc-
ess. If the substrate is a flexible substrate and the tem-
porary substrate can be a rigid substrate with the releas-
ing layer, the attachment process of the substrates can
be also carried out by a conventional flexible to rigid proc-
ess. If the substrate is a flexible substrate, the temporary
substrate can be a flexible substrate with the releasing
layer, the attachment process of the substrates can be
also carried out by a conventional roll to roll process.
[0051] In one example, a layer of protective adhesive
can be applied on the display medium layer as a protec-
tive layer. It is noted that the protective adhesive need
be transparent and have moist and oxygen resistance in
order to provide maximum protection for the underneath
display medium layer. The display medium layer can be
also protected by first applying a layer of adhesive on the
display medium layer then attaching a layer of protective
film. The employed protective adhesive or adhesive im-
poses low risk of contamination on the display medium
layer with no or little impact on the display quality.
[0052] In one example, a polarizer can be disposed
above the display medium layer or above, below the sub-
strate or between the display medium layer and the sub-
strate. If the display medium layer is covered by an upper
polarizer with moist and oxygen resistance, there is no
need to form protective layer on the display medium layer
and the upper polarizer will protect the underneath dis-
play medium layer.
[0053] In one example, a color filter layer can be formed
above the display medium layer or above, below the sub-
strate or between the display medium layer and the sub-
strate.
[0054] The present disclosure can achieve image dis-
play with single substrate, reduce weight and thickness
of liquid crystal display panel and improve display quality.
[0055] All the means and applications described in de-
vice embodiments also apply to method embodiments
of, and achieve the same technical effect and will not be
repeated herein to avoid redundancy.
[0056] In respective method embodiments, the labels
of respective steps are not used to limit the order of the
steps. The modification of the order of the respective
steps by the skilled in the art without creative work still
fall into protection scope of the present disclosure.

Claims

1. A single substrate display panel, comprising:

a parallel electric field substrate (10);
a display medium layer (13) above the parallel
electric field substrate (10); and
a polarizer (15; 16) having a transmissive axis;
wherein the display medium layer (13) compris-
es liquid crystal molecules and a matrix, the ma-
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trix encapsulating the liquid crystal molecules
so that the liquid crystal molecules form liquid
crystal groups (17),
wherein the liquid crystal molecules have an or-
dinary refractive index no in a non rotational state
without being actuated by an electric field and
an extraordinary refractive index ne, the ordinary
refractive index no matches with refractive index
np of the matrix and the extraordinary refractive
index ne does not match with the refractive index
np of the matrix; or the liquid crystal molecules
have an extraordinary refractive index ne in a
rotational state upon being actuated by an elec-
tric field and an ordinary refractive index no, the
extraordinary refractive index ne matches with
refractive index np of the matrix and the ordinary
refractive index no does not match with the re-
fractive index np of the matrix, wherein the liquid
crystal molecules are oriented parallel to the
transmissive axis of the polarizer (15; 16) with-
out an applied electric field, and substantially
perpendicular to that when an electric field is
applied.

2. The single substrate display panel of claim 1, where-
in the matrix comprises a polymer, in particular a
liquid crystal polymer with rigid structure.

3. The single substrate display panel of claim 2, where-
in the liquid crystal polymer has a weight percentage
of 1-5% in the display medium layer (13).

4. The single substrate display panel of any one of
claims 1-3, wherein the display medium layer (13)
further comprises spacers.

5. The single substrate display panel of claim 4, where-
in the spacers have a weight percentage of 0.01-5%
in particular 0.1-1% in the display medium layer (13).

6. The single substrate display panel of any one of
claims 1-5, wherein the polarizer (15; 16) and the
display medium layer (13) are formed on the same
side or opposite sides of the parallel electric field
substrate (10).

7. The single substrate display panel of any one of
claims 1-6, further comprising a protective layer (18)
formed above the display medium layer (13), where-
in the protective layer is a protective adhesive or a
protective film attached on an adhesive.

8. The single substrate display panel of claim 6, where-
in the polarizer (15; 16) has a moisture and oxygen
resistance.

9. The single substrate display panel of any one of
claims 1-8 further comprising a color filter layer (19).

Patentansprüche

1. Einzelsubstratanzeige-Panel aufweisend:

ein Substrat (10) für ein paralleles elektrisches
Feld;
eine Anzeigemedium-Schicht (13) über dem
Substrat (10) für das parallele elektrische Feld;
und
einen Polarisator (15; 16) mit einer Durchlass-
achse;
wobei die Anzeigemedium-Schicht (13) Flüssig-
kristallmoleküle und eine Matrix aufweist, wobei
die Matrix die Flüssigkristallmoleküle so einkap-
selt, dass die Flüssigkeitsmoleküle Flüssigkris-
tallgruppen (17) bilden,
wobei die Flüssigkristallmoleküle aufweisen ei-
nen ordentlichen Brechungsindex n0 in einem
nicht gedrehten Zustand ohne Aktivierung durch
ein elektrisches Feld und einen außerordentli-
chen Brechungsindex ne, wobei der ordentliche
Brechungsindex n0 mit dem Brechungsindex np
der Matrix übereinstimmt und der außerordent-
liche Brechungsindex ne nicht mit dem Bre-
chungsindex np der Matrix übereinstimmt; oder
wobei die Flüssigkristallmoleküle aufweisen ei-
nen außerordentlichen Brechungsindex ne in ei-
nem Drehzustand aufgrund Aktivierung durch
ein elektrisches Feld und einen ordentlichen
Brechungsindex n0, wobei der außerordentliche
Brechungsindex ne mit dem Brechungsindex np
der Matrix übereinstimmt und der ordentliche
Brechungsindex n0 nicht mit dem Brechungsin-
dex np der Matrix übereinstimmt,
wobei die Flüssigkristallmoleküle parallel zu der
Durchlassachse des Polarisators (15; 16) ohne
angelegtem elektrischen Feld orientiert sind,
und im Wesentlichen senkrecht dazu, wenn ein
elektrisches Feld angelegt ist.

2. Einzelsubstratanzeige-Panel gemäß Anspruch 1,
wobei die Matrix ein Polymer aufweist, insbesondere
ein Flüssigkristallpolymer mit starrer Struktur.

3. Einzelsubstratanzeige-Panel gemäß Anspruch 2,
wobei das Flüssigkristallpolymer einen Gewichts-
prozentsatz von 1 bis 5% in der Anzeigemedium-
Schicht (13) besitzt.

4. Einzelsubstratanzeige-Panel gemäß einem der An-
sprüche 1 bis 3, wobei die Anzeigemedium-Schicht
(13) weiter Abstandhalter aufweist.

5. Einzelsubstratanzeige-Panel gemäß Anspruch 4,
wobei die Abstandshalter einen Gewichtsprozent-
satz von 0,01 bis 5%, insbesondere 0,1 bis 1% in
der Anzeigemedium-Schicht (13) aufweisen.
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6. Einzelsubstratanzeige-Panel gemäß einem der An-
sprüche 1 bis 5, wobei der Polarisator (15; 16) und
die Anzeigemedium-Schicht (13) auf derselben Sei-
te oder den gegenüberliegenden Seiten des Subst-
rats (10) für das parallele elektrische Feld gebildet
sind.

7. Einzelsubstratanzeige-Panel gemäß einem der An-
sprüche 1 bis 6, weiter aufweisend eine Schutz-
schicht (18), die über der Anzeigemedium-Schicht
(13) gebildet ist, wobei die Schutzschicht ein Schutz-
klebstoff oder eine Schutzdünnschicht ist, die auf ei-
nem Klebstoff angefügt ist.

8. Einzelsubstratanzeige-Panel gemäß Anspruch 6,
wobei der Polarisator (15; 16) eine Feuchtigkeits-
und Sauerstoffbeständigkeit aufweist.

9. Einzelsubstratanzeige-Panel gemäß einem der An-
sprüche 1 bis 8, weiter aufweisend eine Farbfilter-
schicht (19).

Revendications

1. Panneau d’affichage à substrat unique,
comprenant :

un substrat à champs électriques parallèles
(10) ;
une couche de milieu d’affichage (13) au-des-
sus du substrat à champs électriques parallèles
(10) ; et
un polariseur (15 ; 16) qui présente un axe de
transmission ; dans lequel :
la couche de milieu d’affichage (13) comprend
des molécules de cristaux liquides et une matri-
ce, la matrice encapsulant les molécules de cris-
taux liquides de telle sorte que les molécules de
cristaux liquides forment des groupes de cris-
taux liquides (17) ; dans lequel :
les molécules de cristaux liquides présentent un
indice de réfraction ordinaire no dans un état de
non rotation sans qu’elles soient activées au
moyen d’un champ électrique et un indice de
réfraction extraordinaire ne, l’indice de réfraction
ordinaire no correspond à un indice de réfraction
np de la matrice et l’indice de réfraction extraor-
dinaire ne ne correspond pas à l’indice de ré-
fraction np de la matrice ; ou les molécules de
cristaux liquides présentent un indice de réfrac-
tion extraordinaire nc dans un état de rotation
suite à leur activation au moyen d’un champ
électrique et un indice de réfraction ordinaire no,
l’indice de réfraction extraordinaire ne corres-
pond à un indice de réfraction np de la matrice
et l’indice de réfraction ordinaire no ne corres-
pond pas à l’indice de réfraction np de la

matrice ; dans lequel :
les molécules de cristaux liquides sont orientées
parallèlement à l’axe de transmission du pola-
riseur (15 ; 16) sans champ électrique appliqué
et sensiblement perpendiculairement à celui-ci
lorsqu’un champ électrique est appliqué.

2. Panneau d’affichage à substrat unique selon la re-
vendication 1, dans lequel la matrice comprend un
polymère, en particulier un polymère à cristaux liqui-
des qui présente une structure rigide.

3. Panneau d’affichage à substrat unique selon la re-
vendication 2, dans lequel le polymère à cristaux li-
quides représente un pourcentage en poids de 1 %
à 5 % dans la couche de milieu d’affichage (13).

4. Panneau d’affichage à substrat unique selon l’une
quelconque des revendications 1 à 3, dans lequel la
couche de milieu d’affichage (13) comprend en outre
des espaceurs.

5. Panneau d’affichage à substrat unique selon la re-
vendication 4, dans lequel les espaceurs représen-
tent un pourcentage en poids de 0,01 % à 5 %, en
particulier de 0,1 % à 1 %, dans la couche de milieu
d’affichage (13).

6. Panneau d’affichage à substrat unique selon l’une
quelconque des revendications 1 à 5, dans lequel le
polariseur (15 ; 16) et la couche de milieu d’affichage
(13) sont formés sur le même côté ou sur des côtés
opposés du substrat à champs électriques parallèles
(10).

7. Panneau d’affichage à substrat unique selon l’une
quelconque des revendications 1 à 6, comprenant
en outre une couche de protection (18) qui est for-
mée au-dessus de la couche de milieu d’affichage
(13), dans lequel la couche de protection est un ad-
hésif de protection ou un film de protection qui est
fixé sur un adhésif.

8. Panneau d’affichage à substrat unique selon la re-
vendication 6, dans lequel le polariseur (15 ; 16) pré-
sente une résistance à l’humidité et à l’oxygène.

9. Panneau d’affichage à substrat unique selon l’une
quelconque des revendications 1 à 8, comprenant
en outre une couche de filtre couleur (19).
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